The generalized and extended uncertainty principles affect the Newtonian gravity and also the geometry of the thermodynamic phase space. Under the influence of the latter, the energy-temperature relation of ideal gas may change. Moreover, it seems that the Newtonian gravity is modified in the framework of the Rényi entropy formalism motivated by both the long-range nature of gravity, and the extended uncertainty principle. Here, the consequences of employing the generalized and extended uncertainty principles, instead of the Heisenberg uncertainty principle, on the Jeans mass are studied. The results of working in the Rényi entropy formalism are also addressed. It is shown that unlike the extended uncertainty principle and the Rényi entropy formalism which lead to the same increase in the Jeans mass, the generalized uncertainty principle can decrease it. The latter means that a cloud with mass smaller than the standard Jeans mass, obtained in the framework of the Newtonian gravity, may also undergo the gravitational collapse process.
I. INTRODUCTION
The Heisenberg uncertainty principle (HUP) is in full agreement with the Bekenstein entropy (BE) which can produce the Newtonian gravity (NG) ( ). NG has a crucial role in getting some well-known criteria appeared in study the structure formation problems such as those of Chandrasekhar and Jeans (Longair 1998) . In this regard, it has been shown that the generalized and extended uncertainty principles, namely GUP and EUP, respectively, modify NG and can also affect the Chandrasekhar limit (Ong 2018 The gravitational potential energy of a cloud with mass M and radius R, formed due to gravitational potential V (r), is evaluated as
In the framework of NG, where V N (r) = −G M r , the gravitational potential energy (U N ) is obtained as
written by assuming that the cloud density is constant (or equally ρ(r) = ρ 0 ≡ const). In the framework of BG entropy, as a special case of Shannon entropy, the kinetic energy (K) of a cloud, approximated by an ideal gas composed of N non-interacting particles with mass µ (and thus M = N µ) at temperature T , is
where K B denotes the Boltzmann constant. Based on the Virial theorem, the cloud is in Virial equilibrium if K = − 1 2 U , and gravitational collapse may happen if
for NG. Using the R = ( Moreover, it has been claimed that the generalized entropies, such as the Rényi entropy, should be used instead of the Shannon entropy to study the systems including long-range interactions such as gravity (Rényi 1970 . As we previously mentioned, it also seems that a deep connection between the Rényi statistics and the fine structure parameters such as β, appeared in EUP, may exist (Moradpour et al. 2019 ). The above arguments motivate us to study the Jeans mass in the Rényi entropy formalism.
In the next section, we firstly study the effects of EUP on M J . Additionally, motivated by the fact that there is a deep connection between EUP and Rényi statistics (Moradpour et al. 2019) , the implications of the Rényi entropy on the Jeans mass are also addressed in Sec. (II). The consequences of GUP on M J are studied in third section, where it is also shown that GUP may help us in explaining the existence of star in some Bok globules. The last section is devoted to a summary. We also follow the c = = G = K B = 1 units.
II. EUP AND JEANS INSTABILITY: THE ROLE OF RÉNYI ENTROPY
Whenever η = 0, EUP is obtained from Eq. (1) 
which modifies the BE entropy ( 
where A = 4πr 2 denotes the system boundary located at radius r. Clearly, BE is recovered at the β = 0 limit (Moradpour et al 2019) . It is also useful to mention that, mathematically, the above entropy is called the Rényi entropy (Moradpour et al 2019) .
Using the entropic force approach, one can reach (Moradpour et al 2018b)
instead of NG (F N = − Mm r 2 ). In agreement with the asymptotic behavior of S, it is also obvious that NG is recovered for β = 0. Bearing the F = −m dV dr relation in mind, the modified Newtonian potential V s is obtained as
where the integration constant has been chosen to meet the V S (r → ∞) = 0 condition. Now, applying this potential to a cloud with mass M and density ρ 0 , and by following the recipe led to Eq. (3), we get
for the corresponding gravitational potential energy which can briefly be written as U S = U N (1 + ξD). The Helmholtz free energy (A) of a monatomic ideal gas which consists of N particles with mass µ at temperature T and satisfies EUP (7) where 
for the internal energy of ideal gas nothing but Eq. (4). Here, S g represents also the gas entropy which differs from that of the system boundary (8) which is always bigger than M J . It is worthwhile to mention here that the Jeans mass may also be increased in the framework of the Eddington-inspired Born-Infield gravity (De Martino & Capolupo 2017). In fact, at a constant radius R, the Jeans mass is increased with increasing β. Mathematically, as it is obvious from Fig. 1 , it is due to the fact that the ξD term is negative and decreases with increasing δ (0 < |ξD| < 1) meaning that U S is always bigger than U N for β > 0. In this manner, since both U S and U N are negative, we have 0 < US UN < 1. In general, if we have 2 √ β = ζ R , where ζ is constant, then ξ = ζ = constant, and we get the following expression for the Jeans mass
Now, consider a system consisting of W discrete states while the i th state can be occupied with probability P i . It has also been proposed that systems including long-range interactions, such as gravity, may follow the power-law probability distribution P q i instead of the ordinary distribution P i , where q is an unknown parameter evaluated by using experiments and probably the other parts of physics (Rényi 1970; Masi 2005) . Indeed, even an ideal gas can provide the power-law probability distribution P q i (Biró 2013) . In this regard, the Rényi entropy corresponding to the probability distribution P q i is defined as (Rényi 1970; Masi 2005 )
where δ ≡ 1 − q, and the Shannon entropy is recovered at the δ → 0 limit (Masi 2005 ). This entropy finally leads to (Moradpour et al 2018b)
and (18) and (19) are obtainable replacing 4β in Eqs. (8) and (9) with δπ, respectively. One can easily check that this recipe is also followable to find the modified Newtonian potential and the corresponding gravitational potential energy from Eqs. (10) and (11), respectively. Although entropy, probability distribution and the phase space geometries used to obtain Eqs. (4) and (14) (Chung & Hassanabadi 2019) differ from those based on Eq. (17) and the power-law probability distribution P q i (Parvan & Biró 2005) , it has been shown that the ideal gas still satisfies Eq. (14) in the Rényi formalism (Parvan & Biró 2005 ). Thus, the results obtained by employing EUP are also valid here, and one can get the exact from of the outcomes by replacing 4β with δπ.
III. GUP AND JEANS INSTABILITY
For β = 0, Eq. (1) leads to (Kempf et al. 1995) ∆x∆p
which modifies the Newtonian potential corresponding to mass M as (Awada & Ali 2014b)
where ∆ = η 144 . Now, using Eq. (2), one can get Note that whenever U < UN , since both U and UN are negative, we have
for the gravitational potential energy (U) corresponding to a cloud with mass M , density ρ 0 and radius R. It has been shown that, up to the first order in η, GUP modifies Eq. (4) 
where µ denotes again the mass of the ideal gas particles. More studies on the thermodynamic properties of this gas, such as its pressure, can be found in ( (
Clearly, Eq. (6) 
In this situation the Jeans mass (M J ) is obtained as
meaning that the Jeans mass is decreased and is positive only when ηµT < As an example, consider the Bok globule CB 188 with mass M CB 188 (≃ 7 · 19M ) and M J ≃ 7 · 7M , where M denotes the Sun mass, which is at temperature T = 19 in Kelvin scale, and includes a protostar (Vainio & Vilja 2016) . In this situation, assuming M CB 188 = M J , it is easy to see
is negligible and thus Eq. (26) is available which leads to
as a primary estimation for the value of η in CB 188. In fact, an upper bound on M J corresponds to a lower bound on η, and for values bigger than η CB 188 , we have M J < M CB 188 . For a number of Bok globules, including stars (Kandori et al 2005) , following the above recipe, the minimum values of η have been addressed in Table. 1. Here, we assumed that the host cloud is composed of N identical particle with mass µ. In reality, interstellar clouds include a range of different particles, and therefore, the mass of the particle with most abundance in the host cloud may be considered as a primary estimation for µ. In the case of CB 188, since it includes a protostar (Vainio & 16 . If we apply this assumption to all cases studied in Table. 1, then the maximum value of η is obtained for CB 161 as µ ∼ 10 18 meaning that for values of η bigger than 10 18 , M J of those Bok globules studied in this paper is smaller than their mass.
It is also worthwhile to mention that, in the presence of the equivalence principle and in the SI units, we have η < 2. , where N i and µ i denote the number and mass of the i th type particle, respectively. It means that, since Hydrogen is the lightest atom, we haveμ > µ if there is something other than Hydrogen in the cloud, and therefore, the obtained minimum values of η will be decreased by considering all ingredients of the Bok globules.
In which leads to U < U N meaning that the Jeans mass is decreased in this situation (see Fig. 2 ). Moreover and in agreement with Fig. 2 , although the deviation of U UN from 1 is sensible for R < 3, depending on the values of temperature, η and µ, the M J M J quantity may be appreciable. It is due to this fact that while U UN is independent of temperature, Jeans mass depends on it.
IV. SUMMARY
The implications of GUP and EUP on the Jeans mass have been studied. The results indicate that, compared with the Newtonian regime, the gravitational potential energy of the cloud is decreased when EUP is valid, leading to growth in the Jeans mass. It has been argued that since gravity is a long-range interaction, one may use the Rényi entropy formalism to study the gravitational systems (Komatsu 2017 (14) is valid in both the EUP and Rényi frameworks. Hence, the EUP results, obtained in this paper, are also available in the framework of Rényi entropy (one just needs to replace 4β in the results of second section with δπ to obtain the corresponding results in the Rényi formalism).
Moreover, we found out that GUP can increase the gravitational potential energy which reduces the Jeans mass. Therefore, GUP suggests that gravitational collapse can happen for clouds with mass smaller than the ordinary Jeans mass obtained from NG (M J ). The Bok globules observations confirm the existence of collapse process in clouds whose their mass is smaller than M (27)). The evolution of fragments and perturbations (in both astrophysical and cosmic scales) under the shadow of the GUP modifications to Jeans mass are also another interesting subjects, which are out of the scope of this project, and are followable in the subsequent works.
